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The purpose of this investigation was two-fold-­
first to determine what effects recycjing the cooking 
liquor in varying percentages had upon the final pulp 
quality, and second to find out what effect eliminating 
the washing stage had upon the final pulp. The 
results are not as definite as would have been desired 
due to variation in the data. Generally, the results 
showed,recycling the cooking liquor left more fines 
in the pulp resulting in higher tensile, burst, and 
fold strength. Eliminating the washing stage left 
more ink particles, pigments, and fines in the pulp 
which resulted in higher yields, better opacity, 
lower brightness, and increased physical strengths.=
tJ 
EFFECT� OF RECYCLING; COOKING LIQUOR 
AND 
ELIMINATING THE WASHING STAGE DURING CHEMICAL DEINKING 
INTRODUCTION 
Secondary fiber technology is a rapidly growing 
area in the pulp and paper industry. Reasons for 
this growth include--rising costs of energy, labor 
and raw materials. Specifically, secondary fiber 
is defined as any paper fiber used a second time 
as a raw material for the manufacture of paper or 
paperboard (1). Thus, deinking plays an important 
role in the reclamation of these fibers for future 
use. 
Aside from providing an increased fiber source 
for the paper industry, use of secondary fibers 
also brings about some advantageous properties to 
the resultant paper. These properties include (2): 
1. greater dimensional stability
2. less tendency to curl




5. more uniform formation
6. better production of imprint and colors
Disadvantages of secondary fiber include (J.,4): 
1. lower strength
2. low brightness
J. short fiber length
4. non-uniformity of color
5. low freeness
6. higher dirt content
7. problem_s of "stickies"
Another serious problem, involves handling the 
effluent resulting from a deinking operation. This 
results from the low yields of some operations. For 
example, in operations which include both deinking 
and bleaching, yields can be as low as 45 percent. 
In conjunction with this, many of the chemicals 




Historically, the concept of fiber reuse is 
not a new one. Deinking was first accomplished in 
a Danish mill of George Illey in 1695. One hundred 
years later, the first patent on deinking was issued 
in England to Matthias Koops (6). rn this early 
period of deinking, only rag and chemical wood 
pulps were deinked due to the general absence of 
groundwood in the papers at the time. As more ground­
wood began to appear in printing papers, sorting 
became necessary _to insure no more than 5-10% of 
mechanical pulp was present in each deinked batch (2). 
Use of sodium hydroxide in deinking operations 
was common because of its ability to saponify the 
resinous base of the inks and to retard the re­
deposition of carbon black onto the fibers. The 
clay filler particles become attracted to the 
loosened ink particles and are carried off by them 
in the washing process (8). As time progressed other,· 
alkalies were used with various additives in attempts 
to improve the process. 
Today's secondary fiber pulping systems consist 
of the following steps or stages: 
1. pulping and defibering
2. cleaning and screening
0 J. washing or floating out contaminants
4. dewatering or thickening
5. bleaching (if required)
6. bleach washing and thickening
Secondary fiber systems can be broken down 
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into the following three categories: ledger and tab; 
magazine and book; and newsprint. The chemicals 
commonly used for the various categories follow (2): 
Ledger and Tab 
1. 4-5% Sodium hydroxide 
2. 2½' % Sodium hydroxide 
2½- % Sodium silicate 
3:· % Sodium carbonate 
J. 1½ % Sodium hydroxide 
1.l,_ % Sodium metasilicate 2 
4. 2 % Sodium hydroxide 
J/4% Sodium hypochlorite 
























In addition many times, a dispersing agent is 
added to aid dispersion of the ink particles (10)� 
Basically, there are two types of methods for 
removing contaminants from the·secondary fibers-­
counter-current washing and the flotation system. 
Counter-current washing removes dispersed, suspended, 
and dissolved contaminants by using sidehill washers 
or with screw presses. Generally, the effluent of 
such an operation has a darker color, a BOD of up 
to 1500 p.p.m. and suspended solids of up to 1200 
p.p.m. (11). These suspended solids consist mainly
of clay, pigment, and fiber fragments. The flotation 
system removes contaminants which are lighter than 
water--mainly ink pigments and hot melts. Most of 
the clays and other dissolved contaminants pass on 
with the pulp. The paper stock is generally brighter 
with the flotation process than with the counter­
current washing because of its better ability to 
remove the loosened carbon black particles (12). 
The effluent from these operations must be 
handled next. Removal of the settlable�. solids. is 
required to prevent formation of sludge banks, 
reduce BOD, and to prepare the waste for further 
treatment or disposal (,!1). Well designed and 
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operated settling tanks can be expected to remove 
80-90.% of the settlable solids and 30-:-50.%- of the BOD (,l�:).
Lagooning is the most economical manner of handling 
waste, but there are several factors that should 
be considered: (1) the acreage required for proper 
settling, (2) the obnoxious odors, and (3) the cost 
of cleaning the lagoon periodically. An alternative 
to lagooning used in some mills consists of continuous 
centrifugal dewatering to form a disposable cake which 
is then hauled away (,lj_). 
In an effort to eliminate some of the effluent 
problems and at �he same time save both:.energy and 
chemicals, many mills are recovering both heat and 
chemicals from their deinking operations. With these 
newer, more closed systems new problems such as 
slime and build-up of fines, fillers, and additives 
arise (16). 
HEAT RECOVERY 
Early reclamation attempts dealt mostly.-with 
the heat recovery from the waste liquor. In 1931, 
Irving (ll) suggested waste from a deinking operation 
usually consists of a suspension or solution of soaps, 
ink residues, short paper fibers and clay in alkaline 
water. Irving stated that separation of the solids 
from the water is possible and that the water may, 
be reused elsewhere within the mill. He also 
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suggested the recla1med�solids could not be reused 
to any great extent within the paper mill, but 
perhaps a suitable use could be found in the manu­
facture of molded or stamped articles using plaster 
of paris, cement, casein or other suitable adhesives 
as a binder. 
Morrison (18) cited an example of heat recovery 
from the effluent of a vacuum washer being reused in 
the beater, where this procedure sharply reduced 
the steam demand •. Morrison (12) illustrated the 
heat gained in using the hot filtrate from one 
filter for dilution in preceding wash stages. 
Bailey and Nadelman (20) showed the possible 
heat saving resulting from reuse of waste liquor. 
Assuming the stock reaches the vacuum filter at 
170°F and the effluent leaves at 1.58°F, even allowing 
for a 10% heat loss while returning the liquor to 
the digester wou1d result in a saving of 48,% .. ( 21 )_� 
Other areas in a deinking system where recovered 
water can be utilized are (22): 
1. Dilution and shower water on inclined
washers.
2. Water for dilution of brown stock prior
to bleaching.
J. In the bleaching operation,. for dilution
water for both vacuum washers.
4. Dilution water from the screen room.
CHEMICAL RECOVERY 
8 
Morrison (_g_J) as previously stated, showed reuse 
of hot effluent from a vacuum filter 1n·a beat'er 
sharply reduced steam consumption •. This same procedure 
also reduced.soda ash demand by 50.%. 
Balley and Nadleman (24) not only.illustrated 
heat recovery possi bill ties, but·· chemical recovery.I 
potential as well. Their work showed the actual 
consumption of alkali ls small, ranging fr.om 0.24 
to 0.90% as based on the weight of waste paper received. 
Additional laboratory tests were carried out usihg 
mill waste liquor. The filtrate frnm the first 
deinked batch was used to deink the second batch; 
the filtrate from the second batch was used to delnk 
the third batch and so on. In all cases the quality 
of the pulp was considered satisfactory .. (�). 
In spite of the low alkali consumption during 
the deinklng, some mills use from J to 6% alkali as 
based on the weight of paper in order to achieve 
a reasonable speed of reaction and volume o:f pro­
duction per unit of equipment (26). This leaves a 
considerable amount of alkali unused and opens the 
door for reuse of the waste liquor in subsequent 
deinking operations. 
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ELIMINATION OF THE WASHING STAGE, 
Rec��tly, Felton (_g_z) has proposed a shortened 
process for bleaching deinked pulp. This shortened 
process has eliminated the washing stage normally 
occuring after the cooking process, but before the 
bleaching precess. This shortened process would ·­
eliminate a large volume of water, thus potentially 
lowering the total cost per ton of final pulp. For 
a typical system Felton calculates the shortened 
process could result in a savings of approximately 
24% over the conventional process (28). 
Briefly, his process consists of dewatering 
the furnish to 25% consistency after pulping. The 
hot water and chemicals are retained in order to re­
cover some of the cost of heating the wat&r and the� 
o· unexhausted chemicals. Tne thickened sto�k, at 140 F
and 25% bone dry consistency, has_ enough bleaching 
chemical added to it to bring the desired bright-
ness after washing. The degree of brightness is 
directly related to the amount of available chlorine 
added. Brightnesses of 73.3% can be achieved with
16 pounds of available chlorine per ton,. increasing 
to 82% brightness with 22 pounds of available chlorine 
per ton (£2). 
The reasoning behind this unorthodox method of 
bleaching follows. Although the pulp still contains 
the chemicals of the deinking process, the ink 
10 
pigments and other impurities; it is reasoned that 
the pulping and deinking chemicals are weakened to 
sucb an extent that the chlorine absorption will be
small and the ink particles, since they are inert·� 
will not absorb any chlorine. The remaining color 
dye which must be bleached is substantially toe 
same as that in a conventional bleaching system (J.Q). 
Advantages of this shortened bleaching process include 
reduction of the amount of water needed for washing, 
reduction of operating costs by approximately 25%,­
and reduction of power consumption by about JO%. 
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OBJECTIVES 
0 The objectives of this investigation are two 
fold--first, to determine the effects of recycling 
the cooking liquor of a deinking operati0n and 
second, to determine what effect elimination of the 
washing stage between the cooking and bleaching 
stages will have upon the resulting pulp quality. 
In order to accomplish this a uniform supply of 
paper stock, consisting of National Geographic 
magazine, will be deinked using varying percentages 
of recycled cooking liquor. T.his process will be 
carried out using a conventional sequence and a 
shortened sequence in order to evaluate the effect 
of eliminating the wash stage in the shortened process. 
Handsheets will be made at various stages of 
the process in order to determine what effect�. if 
any, the various treatments had upon the resulting; 
pulps. Handsheets will be made at the following 
points: 
1. After cooking but before washing
2. After cooking and after washing
J. After cooking, bleaching, and washing





1. Paper--National Geographic magazine was used
in order to give a representative 
sample of heavy ink c-overage and a 
lacquor overcoat, while at the same 
time providing a uniform and constant' 
groundwood free paper supply. 
2. Cooking Liquor-A 4%· solution of sodium hydroxide,
as based on the weight of paper,, was 
used to deink the paper stock. 
3. Dispersant--Small amounts,.of • tetra-sodium
pyrophosphate (TSPP) were added to 
each cook to aid in the dispersion 
of particles. 
4. Alconox--An Alconox solution (5g/100 ml)
was used in the flotation of the re­
covered cooking liquor. 
5. Bleach Liquor--A commercially prepared
sodium hypochlorite solution with 
EQUIPMENT 
a strenth of 20 g/ liter of available 
chlorine was used for the bleaching 
stage. 
1. Mettler Balance--used for weighing out
chemicals and stock. 
2. Hamilton Beach Blender--Used to defiber the
stock, thus simulating the actiorr 
of the Hydrapulper. 
J. 60 Mesh screen--used for recovering the
cooking liquor. 
4. Sidehill Washer (80 mesh screen)--used in
the washing stages. 
5. Fagargren Lab Flotation Cell--used for
removing the ink particles from the 
recovered cooking liquor. 
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6. Noble & Wood Machine--used to prepare








20 grams of oven-dried paper at 6.-5,% moisture, 
cut into one inch squares, were used for 
each cook. 
0.33 gram of tetra-sodium pyrophosphate (TSPP) 
was added to each cook. 
1000 ml of the cooking liquor, either fresh 
or recycled, was added for each cook. 
Paper, liquor, and TSPP were mixed in the 
blender for four minutes before cooking in 
order to simulate the defiberizing action· 
of the Hydrapulper. 
The cooking was carried out with steam at 
185±5°F ·for 45 minutes. 
1. After cooking, the stock was then pressed trr
approximately 25% consistency. (The liquor
being reserved for future use.)
2. The stock was diluted to 0.1% consistency
with tap water and washed on the sidehill
washer.
3. The washing was repeated twice more for a
total of three wash stages.
BLEACHING 
1. A single stage hypochlorite bleaching process
was used.
2. Bleaching was done in plastic bags at 5%
consistency at 72±2°F for J hours.
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J. The bleach liquor contained 20 grams per
liter of available chlorine--13.5 ml
of the bleach liquor was used for each
20 grams of fiber.
LIQUOR RECOVERY 
1. Approximately 750 ml of liquor was re­
covered from each cook.
2. Two liters of the recovered liquor was placed
in the lab flotation cell, along with J ml
of the Alconox solution. (5 g/100 ml)
J. The liquor was then mixed for three
minutes and floated for five minutes.
4. The ink particles. and fines were removed
as rejects.
EVALUATION 
Handsheets were made of the unwashed stock; 
washed stock; unwashed-bleached stock; and the washed­
bleached stock. This was done in order to study the 
effect of eliminating· the first wash stages 
immediately following the cooking stage, while at 
the same time studying the effects of recycling the 
cooking liquor at various percentages. 
The handsheets were made and allowed to condition 
for two days in a constant humidity::-. and temperature 
room. Optical and physical tests were made on each 
group of handsheets. The tests run include: 







A Wang 700 calculator and_a computer statistical 
program were used to analyze the results. Calculations 
performed included the mean, standard deviation, 
variance and a linear regression to obtain the 




PRESENTATION OF RESULTS 
The results of the experimental work are 
summarized in Tables 1-4. These results are dealt 
with in two parts. First, the effects of recycling 
the cooking liquor at vary;ing ratios are presented 
(Figures 1-7). Second, the effects of eliminating 
the washing stage from the conventional deinking 





TEST RESULTS FOR THE UNWASHED PULP 
Percent Recycled Liquor 
0 25 50 75 100 MEAN 
YIELD 98":'40 68.00 63.00 70.75 67. 67; 67.58 
BRIGHTNESS 57.96 58.16 57.40 60.33 55.60 57.90 
OPACITY 97.13 97.12 97.48 95.98 97.14 96.97 
TENSILE 37.73 45.70 40.90 44.05 47.70 43.22 
BURST 7!'37 9.02 8.18 10.34 9.11 8.80 
TEAR 32.0 39.2 39.0 34.o 27.5 34.3 
FOLD 2.90 2.60 3.25 3.75 2.80 3.06 
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TABLE II 
TEST RESULTS FOR THE UNWASHED--BLEACHED PULP 
Percent Recycled Liquor 
0 25 50 75 100 MEAN 
YIELD 52.90 56.00 52.25 50.25 46.75 51.83 
BRIGHTNESS 70.55 68.80 69.95 70.20 73.85 70.67 
OPACITY 90.38 88.08 90.45 89.78 87.35 89.21 
TENSILE 41.06 43.00 43.63 37.23 42.53 41.49 
BURST 7.35 7.53 9.20 8.46 8.93 8.29 
TEAR 43.6 43.5 50-.0 41.5 44.5 44.6 
FOLD 2.60 3.00 4.oo 3.75 4.25 3.52 
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TABLE III 
TEST RESULTS FOR THE WASHED PULE 
Percent Recycled Liquor 
0 25 50 75 100· MEAN 
YIELD 54.50 61.75 54.50 53.25 45.00 53.80 
BRIGHTNESS 66.35 64.48 69.25 71.77 72.60 ' 68�·89 
OPACITY 90.78 93.68 88.08 89.27 86.53 89.67 
TENSILE 32.96 37.88 43.55 47.23 45.95 41.52 
BURST 5.04 5.66 9.52 10.14 8.57 7.79 
TEAR 41.4 51.5 39.5 36.5 38.5 41.5 
FOLD 2. JO 2.25 4.75 3.67 3.75 .3.34 
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TABLE IV 
TEST RESULTS FOR THE WASHED'-BLEACHED PULP 
Percent Recycled Liquor 
0 25 50 75 100 MEAN 
YIELD 48.25 49.75 50.25 46.25 48.50 48.60 
BRIGHTNESS 77.92 75.85 75.50 79.58 79.88 77.75 
OPACITY 86.50 86.48 85.88 83.90 84.38 85.43 
TENSILE 36.53 32.89 44.15 31.50 45.78 38.17 
BURST 6.99 4.97 8.17 7.06 8.07 7.05 
TEAR 47.6 39.5 43.0 38.0 43.5 42.�3
FOLD 2.60 2.50 4.25 2.25 4.50 3.22 
21 
EFFECTS OF RECYCLING THE COOKING. LIQUOR 
In two cases, the yield remains approximately 
constant over the range of recycled liquors. In 
the other two cases there appears to be a decrease 
in the yield with an increasing percentage of re­
cycled cooking liquor (Fig."' 1). ,. The opacity of 
the handsheets decreases with increasing amounts 
of recycled liquor (Fig. 2). In general, brightness 
appears to increase slightly:.- with increasing amounts 
of recycled liquor (Fig. J). Tensile strength shows 
roughly the same behavior--an increase in strength 
with increasing percentage of recycled liquor, except 
for the data of the unwashed-bleached handsheets 
which do not show much of a change over the range 
of different percentages of recycled liquors (Fig. 4). 
Bursting strength exhibits an increase with increasing­
percentages of recycled liquor (Fig. 5). Tear de� 
creased with increasing amounts of recycled liquor 
(Fig. 6). The number of folds required to break the 
sample shows a very slight increase with increasing 
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EFFECT OF ELIMINATING THE WASHING ST"AGE 
Washing and bleaching the pulps both de-
reased the final yields of the pulps. This effect 
can be seen in Figure 8. the unwashed pulp gave 
the highest yield, approximately 68%, followed. 
by the washed pulp, the unwashed-bleached pu,lp, and 
the washed-bleached pulp. Figure 9 shows the bright­
ness to increased with washing and bleaching of the 
pulps. �appi opacity exhibits a decrease with washing 
and bleaching as shown in Figure 10. Tensile 
strength shows a decrease with washing and with 
bleaching (Fig. 11). Figure 12 doesn1' t show the same 
kind of decrease as the two previous figures, but 
it still shows the washed pulps to·be,·weaker than··th� 
unwashed pulps- and·: the bleached. pulps to be weaker 
than the unbleached pulps. The tear strength in­
creased with washing and with bleaching (Fig. lJ). 
The number of folds required to break the sample 
increased from the unwashed to the washed pulps, 
but decreased going.form the unwashed-bleached 
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Figure 8. �ffect of Eliminating the Washing 
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Figure 9. Effect of Eliminating the Washing 
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Figure 9. Effect of Eliminating the Washing 
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DISCUSSION OF RESULTS 
The effects of recycling the cooking liquor~ 
in the laboratory deinking process were not as 
definite as would have been desired. The variatfon 
in the data is greater than�what was expected, thus 
making the interpretation of the results more 
difficult. 
Yields of the pulps show a decrease with in­
creasing amounts of recycled liquor for two of the 
pulps, while the other two remain essentially constant. 
This makes 1 t appear that al tough every effort,-was 
made to keep all the conditions as constan�-ss 
possible, there may have been some small changes in 
the cooking and/or bleaching conditions. For example, 
during the cooking the temperature was kept at 185t5
°
F, 
but no record was kept of which cooks were in- the 
high range and which cooks were in-the low range. 
In addition to this, the pHl during bleaching should 
have been checked and kept in control above a pH 
of 8 in order to prevent any possible degradation 
to the pulp (Jl). This was not done--so it is 
possible the pH dropped to low during the bleaching 
process, thus adversely effecting the yields and 
other optical and physical test results-. 
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The optical tests, brightne_ss and -opacity, 
followed the trends set up by the yields. ]n the 
case of opacity, the highest yields gave the highest 
opacities. For brightness the highest brightness arose 
from the pulps having the lowest yields. The de­
crease in opacity and increase in brightness with 
increasing amounts of recycled liquor may have been 
due to gradually increasing amounts of dispersant� 
TSPP, in the recycled liquor aiding the dispersion 
of the particles and pigments. 
The physical tests, tensile, burst, tear, and 
fold, showed general trends, but here too deviation 
in the data makes it hard to interpret. The increases 
in all the physical strengths, except for tear, 
probably could be attributed to the increase of fines 
in the recycled cooking liquor (Jg). The increase 
of fines would increase the area available for bond­
ing thus increasing the strength of the pulps. 
The effects of eliminating the washing stage 
are easier to interpret than.,. the previous ones. 
Figures 8-14 are the result of averaging the values 
of the varying percentages of recycled liquor. 
These values are seen as the mean values in the data 
tables. 
Figure 8 of yield and the various pulps shows 
yield to decrease most significantly_,,with washing. 
Bleaching also decreases the yield, but not as much 
as washing. The 1nt1al wash stage appears to effect 
39 
the yield the most. The pulps that were bleached 
were washed after bleaching in order to get rid of 
,I  
any residual chlorine, but as can be seen even for 
the washed and bleached pulps (which were washed 
twice) the yield is only slightly less than the 
yield for the pulps that were washed once. As 
stated eariler, the pH.during the bleaching process 
was not checked. Thus, it is possible the pH was 
to low and poor bleaching may have resulted. 
As expected, opacity is better in the pulps 1 · 
which had the washing stage eliminated because 
none of the ink particles and pigments had been-re­
moved. For the same reason, the presence of ink 
particles and pigment, the brightness is lower for 
the process which'elitninated .the washing stage. 
The physical properties of the shortened bleaching 
process are higher than the values for the con­
ventional process. S1:,nce there is one less washing 
sequence involved more fines are present, thus 
contributing to the increased strength properties. 
40 
CONCLUSIONS 
In conclusion it appears that both recycling 
cooking liquor and eliminating a washing stage 
do have some effect upon the final pulp. Mainly, 
increasing the ratio of recycled �coking liquor led 
to an increase in the- emount of. fines in the pulp. 
This resulted in an increase in tensile, burst, and 
fold strength, while at the same time reducing the 
tear strength. In addition, in this experiment the 
decrease in opacity and increase in brightness 
with increasing amounts of recycled liquor may have 
been caused by gradually increasing amounts of dis­
persant, TSPP, present in the pulp. 
The main effect of eliminating the washing 
stage appears to be better retention of the ink 
particles, ·pigments, and fines.· Thi� accounts for 
the slightly higher yields, better opac·i ty, lower 
brightness, and higher physical strengths. 
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